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(54) WATER-BASED INK FOR INK-JET RECORDING 



(57) Awater-basedinkforinkjetprinting, comprising 
(A) an aqueous dispersion A of vinyl potymer particles 
prepared by including an oil-soluble black dye or carbon 
black in a water-insoluble vinyl polymer prepared by co- 
polymerizlng a sait-fomning group-containing monomer 
(a), a monomer (b) represented by the formula (I): 



CH2 = C(R^)COO(R^O)pR^ 



(I) 



ero-atom; R^ is a monovalent hydrocarbon group which 
may have a hetero-atom; p is a number of 1 to 60, a 
macromer (c), a monomer (d) copolymerizable with 
these monomers; and (B) an aqueous dispersion B of 
carbon black having the same ioniclty as the aqueous 
dispersion A, wherein the weight ratio of the solid con- 
tent of the aqueous dispersion A to the solid content of 
the aqueous dispersion B (the solid content of the aque- 
ous dispersion A/the solid content of the aqueous dis- 
persion B) is 5/95 to 95/5. 



wherein R^ is hydrogen atom or a lower alkyi group; R^ 
is a divalent hydrocarbon group which may have a het- 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a water-based Inic for Inkjet recording. 
BACKGROUND ART 

[0002] Inkjet recording is carried out by directly jetting ink droplets from very fine nozzles to a recording medium. 

10 and depositing the ink droplets on the recording medium, to fonn characters or images. As a colorant for black Ink 
used for Inkjet printing, a water-soluble black dye or an aqueous dispersion of carbon black has been used. The water- 
soluble black dye Is excellent in jetting stability. IHowever, there are some defects In the dye such that the dye Is poor 
in water resistance and light fastness. Also, the aqueous dispersion of carbon black gives a high optical density. How- 
ever, there are some defects in the aqueous dispersion of carbon black such that the aqueous dispersion of carbon 

IS black is poor in fixing ability on a paper surface, rubbing resistance and high-lighter fastness. 

[0003] Therefore, for the purposes of improving fixing ability of the aqueous dispersion of carbon black on a paper 
surface, there has been proposed addition of a polymer emulsion giving film-fomiing ability to the aqueous dispersion 
of carbon black (Japanese Patent Laid-Open Nos. Hei 9-208870 and Hei 10-195355 and Hei 10-152640). When a 
large amount of the polymer emulsion Is added, the fixing ability is improved. However, there are some defects in the 

20 polymer emulsion such that the optical density is lowered because the polymer emulsion does not act as a colorant. 
In addition, when the polymer emulsion is added within the range satisfying the optical density, the fixing ability Is little 
Improved. 

[0004] In recent years, for the purposes of improving fixing ability and water resistance, there has been proposed 
an aqueous dispersion of a vinyl polymer containing an oil-solubie black dye (Japanese Patent Laid-Open No. Hei 

25 9-241565). When this aqueous dispersion Is used as an ink colorant, the fixing ability and the water resistance are 
surely Improved, thereby exhibiting optical density like a water-soluble dye. However, the optical density would be 
insufficient for uses requiring a high optical density. Therefore, there are some defects in the aqueous dispersion such 
that the stability is lowered when the amount of an oil-soluble dye in the aqueous dispersion is increased for the purpose 
of improving the optical density, and that the viscosity is increased when the amount of the aqueous dispersion used 

30 Is Increased, thereby lowering the discharging ability. 

DISCLOSURE OF INVENTION 

[0005] An object of the present invention is to provide a water-based ink for Inkjet recording showing high optical 
35 density, not giving distortion including crookedness to printed objects, and showing excellent water resistance, rubbing 
resistance and high-lighter fastness. 

[0006] The present Invention relates to a water-based Ink for inkjet printing, comprising: 

(A) an aqueous dispersion A of vinyl polymer particles prepared by including an oil-soiuble black dye or carbon 
40 black in a water-insoluble vinyl polymer prepared by copolymerizing a salt-fonning group-containing monomer (a) 

[hereinafter referred to as component (a)], a monomer (b) represented by the fomnula (I): 

CH2 = C(R^)COO(R^O)pR^ (I) 

45 

wherein R^ is hydrogen atom or a lower alkyi group; R2 is a divalent hydrocarbon group which may have a hetero- 
atom; R^ Is a monovalent hydrocarbon group which may have a hetero-atom; p is a number of 1 to 60 [hereinafter 
refen-ed to as component (b)], a macromer (c) [hereinafter referred to as component (c)], a monomer (d) copoly- 
merizable with these monomers [hereinafter referred to as component (d)]; and 
so (B) an aqueous dispersion B of carbon black having the same lonicity as the aqueous dispersion A, 

wherein the weight ratio of the solid content of the aqueous dispersion A to the solid content of the aqueous dispersion 
B (the solid content of the aqueous dispersion A/the solid content of the aqueous dispersion B) is 5/95 to 95/5. 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

[0007] As the vinyl polymer used for the aqueous dispersion A, a water-insoluble vinyl polymer is used, and in order 
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to obtain a water-based ink having both high fixing ability and high dispersion stability, there is used a water-insoluble 
vinyl polymer obtained by copolymerizing the component (a), the component (b). the component (c) and the component 
(d). 

[0008] The salt-fomning group refers to a group which can form a cationic group or an anionic group when the group 

5 Is neutralized with an acid or a base. 

[0009] Representative examples of the component (a) include the cationic monomers and the anionic monomers 
described in page 5, column 7, line 24 to column 8. line 29 of Japanese Patent Laid-Open No. Hei 9-286939. 
[001 0] The cationic monomer includes tertiary amine-containing unsaturated monomers, ammonium salt-containing 
unsaturated monomers, and the like. Among them, N,N-dimethylaminoethyl acrylate, N,N-dimethylaminoethyl meth- 

10 acrylate, N-(N',N'-dimethylamlnopropyl) acrylamlde, N-(N',N'-dimethylaminopropyl)methacrylamlde and vlnylpynro- 
lidone are preferable. 

[001 1] The anionic monomer includes unsaturated carboxylic acid monomers, unsaturated sulfonic acid monomers, 
unsaturated phosphoric acid monomers, and the like. Among them, unsaturated carboxylic acid monomers, especially 
acrylic acid and methacrylic acid are preferable. 
IS [0012] The component (b) exhibits excellent effects of increasing the jetting stability of the water-based ink of the 
present invention, and suppressing the generation of distortion even when printing Is continuously carried out. 
[001 3] In the fomnula (I), Ri Is hydrogen atom or a lower alky! group. The lower alkyi group includes linear or branched 
atkyi groups having 1 to 4 carbon atoms. 

[0014] R^ is a divalent hydrocarbon group which may have a hetero-atom. The hetero-atom includes, for example, 

20 nitrogen atom, oxygen atom, a halogen atom and sulfur atom. 

[0015] Representative examples of R^ include an aromatic ring having 6 to 30 carbon atoms, which may have a 
substltuent; a heterocyclic ring having 3 to 30 carbon atoms, which may have a substituent; and an alkylene group 
having 1 to 30 carbon atoms, which may have a substltuent. These rings or groups may be used in combination of at 
least two kinds. The substituent includes an aromatic ring having 6 to 29 carbon atoms; a heterocyclic ring having 3 

25 to 29 carbon atoms; an alkyI group having 1 to 29 carbon atoms; a halogen atom; amino group, and the like. 

[0016] Preferred examples of R2 include a phenylene group which may have a substltuent having 1 to 24 carbon 
atoms; an aliphatic alkylene group having 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms; an aromatic ring- 
containing alkylene group having 7 to 30 carbon atoms; and a heterocyclic ring-containing alkylene group having 4 to 
30 carbon atoms. 

30 [001 7] In addition, preferred examples of R^ group Include alkylene oxide groups having 2 to 7 carbon atoms such 
as ethylene oxide group, (iso)propylene oxide group, tetramethylene oxide group, heptamethylene oxide group, hex- 
amethylene oxide group, and combinations of at least two kinds of these alkylene oxide groups; and phenylene oxide 
group. 

[0018] R3 is a monovalent hydrocarbon group which may have a hetero-atom. The hetero-atom includes nitrogen 

35 atom, oxygen atom and sulfur atom. 

[0019] Representative examples of R^ Include an aromatic ring having 6 to 30 carbon atoms, which may have a 
substltuent; a heterocyclic ring having 3 to 30 carbon atoms, which may have a substituent; and an alkyI group having 
1 to 30 carbon atoms, which may have a substituent. The substituent includes an aromatic ring having 6 to 29 carbon 
atoms; a heterocyclic ring having 4 to 29 carbon atoms; a halogen atom; amino group, and the like. 

40 [0020] Preferred examples of R^ include phenyl group, an aliphatic alkyt group having 1 to 30 carbon atoois, pref- 
erably 1 to 20 carbon atoms, an aromatto ring-containing alkyI group having 7 to 30 carbon atoms, and a heterocycric 
ring-containing alkyl group having 4 to 30 carbon atoms. 

[0021] More prefen'ed examples of R^ include alkyl groups having 1 to 6 carbon atoms, such as methyl group, ethyl 
group, (iso)propyt group, (iso)butyl group, (Iso)pentyl group and (iso)hexyl group; phenyl group, and the like. 

^ [0022] p is a number of 1 to 60, out of which a number of 1 to 30 Is preferable. 

[0023] Concrete examples of the alkylene oxide group-containing monomer represented by the formula (I) include 
methoxypolyethylene glycol (1-30: p value In the fomnula (I), hereinafter referred to the same) (meth)acrylates, meth- 
oxypolytetramethylene glycol (1-30) (meth)acrylates, ethoxypolyethylene glycol (1-30) (meth)acrylates, (iso)propoxy- 
polyethylene glycol (1-30) (meth)acrylates, butoxypolyethylene glycol (1-30) (meth)acrylates, methoxypolypropylene 

so glycol (1 -30) (meth)acrylates, propoxypolypropylene oxide (1 -30) (meth)acrylates, methoxy(ethylene glycol-propylene 
glycol copolymer) (1-30, out of which ethylene glycol: 1-29) (meth)acrylates, and the like. These monomers can be 
used alone or in admixture of at least two kinds. Among them, methoxypolyethylene glycol (1-30) (meth)acrylates are 
preferable. Incidentally, the temri "(meth)acrylate" as used herein means acrylate or methacrylate. Also, the temri "(iso) 
propoxy" as used herein means n-propoxy or isopropoxy. 

55 [0024] The component (c) Includes macromers which are monomers having a polymerizable unsaturated group and 
a number-average molecular weight of 500 to 100000, preferably 1000 to 10000. Among them, a silicone macromer 
represented by the fonnula (II): 
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X(Y)qSi(R^)3.r(Z), (II) 

wherein X is a polymerizable unsaturated group; Y is a divalent group; each of is Independently hydrogen atom, a 
s lower alkyl group, an aryl group or an alkoxy group; Z is a monovalent siloxane polymer residue having a number- 
average molecular weight of at least 500; q is 0 or 1 ; and r is an integer of 1 to 3, and/or a styrenic macromer having 
a polymerizable functional group at one end is preferable. 

[0025] The number-average molecular weight of the macromer is detemnfned by gel chromatography using polysty- 
rene as a standard substance and chlorofomi containing 1 mmol/L of dodecyldimethylamine as a solvent. 
10 [0026] The silicone macromer can be favorably used from the viewpoint of preventing scorching on the printer head 
of an Inkjet printer. 

[0027] In the silicone macromer represented by the fomrtula (II), X Includes a monovalent unsaturated hydrocarbon 
group having 2 to 6 carbon atoms, such as CH2 = CH- group and CH2 = C(CH3)- group. Y includes divalent groups 
such as -COO- group, a COOCaHga- group, wherein a is an integer of 1 to 5, and a phenylene group. Among them, 

IS -COOCgHg- is preferable. Includes hydrogen atom; a lower alkyl group having 1 to 5 carbon atoms, such as methyl 
group and ethyl group; an aryl group having 6 to 20 carbon atoms, such as phenyl group; an alkoxy group having 1 to 
20 carbon atoms, such as methoxy group, and the like. Among them, methyl group is preferable. Z is preferably a 
monovalent dimethylsiloxane polymer residue having a number-average molecular weight of 500 to 5000. q Is 0 or 1 , 
and preferably 1 . r is an integer of 1 to 3, and preferably 1 . 

20 [0028] Representative examples of the silicone macromer Include a silicone macromer represented by the fomnula 
(11-1): 



25 



30 



CH2 = CR^.COOC3H6-[Si(R®)2-0]b-Si(R^)3 (11-1) 

wherein R^ is hydrogen atom or methyl group; each of R^ Is independently hydrogen atom or a lower alkyl group having 
1 to 5 carbon atoms; and b Is a number of 5 to 65; 
a silicone macromer represented by the formula (11-2): 

CH2 = CR^-COO-[Si(R®)2-0]b-Si(R®)3 (11-2) 

wherein RS, R6 and b are the same as defined above; 
a silicone macromer represented by the fonnula (11-3): 

CH2 = CR^-Ph-[Si(R®)2-0]b-Si(R®)3 (11-3) 

wherein Ph is a phenylene group; and R^, R^ and b are the same as defined above; 
a silicone macromer represented by the fonnula (tl-4): 

CH2 = CR^-COOC3H6-Si(OE)3 (11-4) 

^ wherein R^ is the same as defined above; E Is a group represented by the formula -[Si(R5)20]g-SI(R5)3, wherein RS Is 
the same as defined above, and c is a number of 5 to 65; 

and the like. 

[0029] Among them, the silicone macromer represented by the fonnula (11-1) Is preferable, and a silicone macromer 
represented by the fonnula (11-1 a): 



40 



50 



55 



CH2 = C(CH3).COOC3H6-[SI(CH3)2-0]d-CH3 (II-1 a) 

wherein d is a number of 8 to 40, 

is especially preferable. Examples of the silicone macromer Include a silicone macromer manufactured by CHISSO 
CORPORATION under the trade name of FlVl-0711, and the like. 

[0030] The styrenic macromer can be favorably used, since an oil-soluble black dye or carbon black is sufficiently 
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included in the vinyl polymer 

[0031] The styrenic macromer includes styrene homopolymers having a polymerizable functional group at one end, 
or copolymers of styrene with the other monomer. Among them, those having acryloyloxy group or methacryloyloxy 
group as a polymerizable functional group at one end are preferable. It is desired that the content of styrene in the 
above-mentioned copolymer is at least 60% by weight, preferably at least 70% by weight, from the viewpoint of suffi- 
ciently including carbon black In the vinyl polymer. The other monomer mentioned above includes acrylonitrile, and 
the like. 

[0032] The component (d) includes (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate, (iso)propyl 
(meth)acrylate, (iso or tertiary) butyl (meth)acrylate, (iso)amyl (meth)acrylate, cyclohexyl (meth)acrylate, benzyl (meth) 
acrylate, 2-ethylhexyl (meth)acrylate, (iso)octyl (meth)acrylate, (iso)decyl (meth) aery late, (iso)dodecyl (meth)acrylate, 
(Iso)stearyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate and 3-hydroxypropyl (meth)acrylate; styrenic monomers 
such as styrene, vinyltoluene, 2-methylstyrene and chlorostyrene; and the like. These can be used alone or in admixture 
of at least two kinds. Incidentally, "(Iso ortertiary)butyi" means n-butyl, isobutyl or tertiary butyl. Also, "(iso)" means n- 
or iso. 

[0033] It is preferable that the component (d) contains a styrenic monomer from the viewpoint of improving optical 
density and high-lighter fastness. As the styrenic monomer, styrene and 2-methylstyrene are preferable. These styrenic 
monomers can be used alone or in admixture thereof. In this case, tt is desired that the content of the styrenic monomer 
in the component (d) is 1 0 to 1 00% by weight, preferably 40 to 1 00% by weight, from the viewpoint of improvement in 
optical density and high-lighter fastness. 

[0034] In addition, it is preferable that the component (d) contains a hydroxyl group-containing monomer from the 
viewpoint of jetting stability In an Inkjet printer. As the hydroxyl group-containing monomer, 2-hydroxyethyl (meth)acr- 
ylate and 3-hydroxypropyl (meth)acrylate are preferable, and these can be used alone or In admixture thereof. In this 
case, the content of the hydroxyl group-containing monomer in the component (d) is 1 0 to 80% by weight, preferably 
15 to 50% by weight, from the viewpoint of jetting stability in an inkjet printer. 

[0035] It is desired that the content of the component (a) in the vinyl polymer is 1 to 50% by weight, preferably 5 to 
40% by weight, from the viewpoint of dispersion stability of the dispersion obtained. 

[0036] It Is desired that the content of the component (b) In the vinyl polymer Is 5 to 50% by weight, preferably 1 0 to 
40% by weight, from the viewpoints of jetting stability and dispersion stability. 

[0037] In addition, it is preferable that the total content of the component (a) and the component (b) In the vinyl 

polymer is 6 to 75% by weight from the viewpoints of dispersion stability in water and jetting stability. 

[0038] It is desired that the content of the component (c) in the vinyl polymer Is 1 to 25% by weight, preferably 5 to 

20% by weight, from the viewpoint of Increasing the content of an oil-soluble black dye or carbon black In the vinyl 

polymer and from the viewpoint of suppressing scorching on the heater surface of an inkjet printer. 

[0039] It is desired that the content of the component (d) in the vinyl polymer is 5 to 93% by weight, preferably 1 0 to 

80% by weight, from the viewpoint of suppression of scorching on the heater surface of an inkjet printer and from the 

viewpoint of stability. When the component (d) comprising the styrenic monomer is used, it is preferable that the content 

of the component (d) in the vinyl polymer is 1 0 to 60% by weight. Also, when the component (d) comprising the hydroxyl 

group-containing monomer Is used, It is preferable that the content of the component (d) in the vinyl polymer is 1 to 

30% by weight. 

[0040] The vinyl polymer is prepared by polymerizing the monomers (a) to (d) by means of a known polymerization 
method such as a bulk polymerization method, a solution polymerization method, a suspension polymerization method, 
or an emulsion polymerization method. Among these polymerization methods, the solution polymerization method is 
preferable. 

[0041] The solvent used in the solution polymerization method is not limited to specified ones, and any of water- 
mlscible organic solvents and water-insoluble organic solvents can be used. Examples of the solvent include an aliphat- 
ic alcohol having 1 to 3 carbon atoms; ketones such as acetone and methyl ethyl ketone; esters such as ethyl acetate; 
toluene, and the like. Among them, ethanol, acetone, methyl ethyl ketone and toluene are preferable. 
[0042] Incidentally, a radical polymerization initiator can be used in the polymerization. As the radical polymerization 
initiator, any of azo compounds and organic peroxides may be used. It is preferable that the amount of the radical 
polymerization Initiator Is 0.001 to 5% by mol, especially 0.01 to 2% by mol based on the total amount of the components 
(a) to (d). 

[0043] In the polymerization, a polymerization chain transfer agent may be further added. The polymerization chain 
transfer agent includes mercaptans, xanthogenndisulfides, thiuram disulfides, halogenated hydrocarbons, and the like. 
It is preferable that the amount of the polymerization chain transfer agent is usually 0.001 to 5 parts by weight based 
on 1 00 parts by weight of the monomers used. 

[0044] The conditions for polymerizing the monomers (a) to (d) differ depending upon kinds of the radical polymer- 
ization initiator, the monomers and the solvent used, and the like. The polymerization temperature is usually 30"" to 
100**C, preferably 50'' to 80°C, and the polymerization time period is usually 1 to 20 hours. In addition, it is preferable 
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that the polymerization atmosphere is an atmosphere of an inert gas such as nitrogen gas. 
[0045] After the temilnatlon of the polymerization reaction, a copolymer can be isolated from the reaction solution 
by a known method such as repreclpltatlon or distilling off of the solvent. Also, the resulting copolymer can be purified 
by the removal of unreacted monomers and the like by the repeat of reprecipitation, membrane separation, chroma- 
5 tography or extraction. 

[0046] The weight-average molecular weight of the vinyl polymer (as detemnined by the method described in Prep- 
aration Example 1 ) Is preferably 3000 to 200000, more preferably 5000 to 1 00000, from the viewpoints of Jetting prop- 
erty, prevention of scorching on a printer head, durability of the water-based ink after printing, and stability of the 
dispersion. 

10 [0047] The oil-soluble black dyes used in the present invention include C. I. Solvent Black 3, C. I. Solvent Black 7, 
C. I. Solvent Black 27, C. I. Solvent Black 29. C. I. Solvent Black 34, and the like. Also, the carbon black includes 
Monarch 880. Monarch 280, Monarch 400, Regal 400R and Mogul L (hereinbefore trade names manufactured by 
Cabot Corporation); PRINTEX-L, PR1NTEX-150T, PRlNTER-90, PRINTEX-60 and PRlNTER-80 (hereinbefore trade 
names manufactured by Degussa-AG); #950, #960 and MA 600 (hereinbefore trade names manufactured by Mitsubishi 

IS Chemical Corporation), and the like. 

[0048] It is desired that the total amount of the oil-soluble black dye and the carbon black is 20 to 400 parts by weight, 
preferably 30 to 300 parts by weight, based on 1 00 parts by weight of the resin solid content of the vinyl polymer, from 
the viewpoints of optical density and facilitation of including the black dye or the carbon black into the vinyl polymer. 
[0049] The aqueous dispersion of the vinyl polymer particles containing the oil-soluble black dye or the carbon black 

20 can be prepared by, for example, 

(I) a process comprising dissolving the vinyl polymer together with the oil-soluble black dye in a hydrophilic organic 
solvent, adding a neutralizing agent as occasion demands to cationize or anionize the salt-fomning group of the 
polymer, adding water to the resulting mixture, and thereafter distilling off the hydrophilic organic solvent to phase- 

25 Invert to a water-based system; 

(il) a process comprising dissolving the vinyl polymer in an organic solvent, adding a neutralizing agent as occasion 
demands to cationize or anionize the salt-forming group of the polymer, adding water and carbon black and knead- 
ing them, and distilling off the organic solvent from the kneaded product to give a water-based system; 
(ill) a process comprising adding water, a neutralizing agent and, as occasion demands, a surfactant to a solution 

30 obtained by dissolving the vinyl polymer and the oil-soluble black dye in a water-lnsolubie organic solvent to cat- 

ionize or anionize the salt-fomriing group of the polymer, emulsifying the resulting mixture, and thereafter distilling 
off the water-insoluble organic solvent to give a aqueous dispersion; or the like. 

[0050] The neutralizing agent usable for neutralizing the cationic group Includes inorganic acids such as hydrochloric 
35 acid, nitrous acid, sulfuric acid and phosphoric acid; and organic acids such as a carisoxyllc acid having 1 to 5 cariDon 
atoms, a dialkylphosphoric acid having 2 to 20 cari^on atoms, and oxyacids such as lactic acid, glycolic acid, glyceric 
acid and gluconk; acid. Also, the neutralizing agent usable for neutralizirig the anionic group includes alkali metal 
hydroxides such as sodium hydroxide, potassium hydroxide and lithium hydroxide; basic substances such as ammonia, 
triethylamine and morpholine; alcoholamines such as triethanolamine, diethanolamlne and N-methyldiethanolamine, 
40 and the like. It is desired that the neutralization degree is adjusted so that the resulting aqueous dispersion becomes 
neutral. 

[0051] The average particle diameter of the vinyl polymer particles including the oil-soluble black dye or the carison 
black is preferably 0.01 to 0.50 ^m, more preferably 0.02 to 0.20 fim, from the viewpoints of prevention of generation 
of blotting and stability of the dispersion. 
^ [0052] It is desired that the amount of the aqueous dispersion A of the vinyl polymer particles containing the oil- 
soluble black dye or the carison black In the water-based ink is usually adjusted so that the content of the vinyl polymer 
particles in the water-based ink is 1 to 35% by weight, preferably 2 to 15% by weight, from the viewpoints of optical 
density and jetting stability. 

[0053] The amount of the oil-soluble black dye or the carbon black is preferably 20 to 400 parts by weight, more 
50 preferably 30 to 300 parts by weight, based on 1 00 parts by weight of the solid content of the vinyl polymer, from the 
viewpoints of optical density and facilitation of Including the oil-soluble black dye or the carison black In the vinyl polymer. 
[0054] Although the aqueous dispersion B of the cartoon black is poor in water resistance, it can increase the content 
of the cartDon black as compared with the aqueous dispersion A. Therefore, there can be exhibited an excellent effect 
that the optical density of the water-based ink of the present invention can be increased. 
55 [0055] The aqueous dispersion B of the carbon black has the same lonicity as the aqueous dispersion A from the 
viewpoint of preventing the aggregation when mixed with the aqueous dispersion A. 

[0056] The ionicity refers not to the ionicity of each component such as the vinyl polymer, the water-soluble dispersant 
and the carbon black, but to the ionicity of the aqueous dispersion A orthe aqueous dispersion B as a whole. Specifically, 
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it means that if the aqueous dispersion A is cationic, then the aqueous-dispersion B is anionic, and that if the aqueous 
dispersion A is anionic, then the aqueous dispersion B is cationic. The determination of whether the dispersion is 
cationic or anionic is carried out by, for example, detemnination of zeta potential. 

[0057] The aqueous dispersion B includes an aqueous dispersion of carbon black, prepared by dispersing carbon 

5 black in water with a water-soluble dispersant, or an aqueous dispersion of carbon black, prepared by dispersing in 
water a self-dispersible carbon black on which surface a compound capable of dispersing is directly bonded. Among 
them, from the viewpoint of allowing for a smaller amount of the dispersant, the aqueous dispersion of carbon black, 
prepared by dispersing in water a self-dispersible carbon black on which surface a compound capable of dispersing 
is directly bonded is preferable. 

10 [0058] The water-soluble dispersant used for the aqueous dispersion of carbon black prepared by dispersing carbon 
black in water with a water-soluble dispersant can be any of water-soluble dispersants, as long as it is water-soluble 
and gives excellent dispersion stability even when the aqueous dispersion comprises a large amount of carbon black, 
and is not limited to specified ones. Representative examples of the water-soluble dispersant include water-soluble 
styrenic resins, water-soluble acrylic resins, water-soluble polyester-based resins, water-soluble polyurethane-based 

15 resins, and the like. In the case of the anionic dispersant, there is preferable a water-soluble copolymer of at least one 
selected from the group consisting of styrene, a substituted styrene and a (meth)acrylate, and (meth)acrylic acid. Also, 
in the case of the cationic dispersant, there Is preferable a water-soluble copolymer of at least one monomer selected 
from the group consisting of styrene, a substituted styrene and a (meth)acrylate, and a tertiary amine-containing un- 
saturated monomer such as N,N-dimethylaminoethyl acrylate, N,N-dimethylaminoethyl methacryiate, N-(N\N'-dimeth- 

20 ylamlnopropyl) acrylamide or N-(N',N'-dimethylaminopropyl) methacrylamide. It is desired that the amount of the carbon 
black is 40 to 400 parts by weight, preferably 60 to 300 parts by weight, based on 100 parts by weight of the water- 
soluble dispersant. 

[0059] In the aqueous dispersion of carbon black, prepared by dispersing in water a self-dispersible carbon black 
on which surface a compound capable of dispersing is directly bonded, the above-mentioned self-dispersible carbon 

25 black can be prepared, for example, by bonding at least one anionic or cationic, hydrophilic group to the surface of the 
carbon black directly or via another atomic group. The anionic hydrophilic group includes -COOM, -SO3M, -PO3HM, 
-PO3M2, -SO2NH2, -SOgNHCOR^, and the like, wherein M represents hydrogen atom; an alkali metal such as lithium, 
sodium or potassium; ammonium; or an organic ammonium such as monomethylammonium group, dimethylammonium 
group, trimethylammonium group, monoethylammonium group, diethylammonium group, triethylammonium group, 

30 monomethanolammonlum group, dimethanolammonium group or trimethanotammonium group, and R^ is an alkyl 
group having 1 to 12 carbon atoms, phenyl group which may have a substituent, or a naphthyt group which may have 
a substituent. Among them, -COOM and -SO3M are preferable. As the cationic hydrophilic group, a quaternary am- 
monium group is preferable, among which there is preferable a group represented by the formula: 



wherein each of R^, R^ and R^^ is independently hydrogen atom or R^, wherein R^ is as defined above; and X represents 
a halogen atom such as fluorine atom or chlorine atom, a carboxylic acid such as acetic acid, propionic acid, lactic 
45 acid, glycolic acid, gluconic acid or glyceric acid, or an anionic group of an alkylsulfate having 1 to 8 carbon atoms, 
including the followings: 



35 
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[0060] It is desired that the content of the aqueous dispersion B in the water-based ink is 0.2 to 20% by weight, 
preferably 0.5 to 1 0% by weight, from the viewpoint of improving optical density. 

[0061] The primary particle diameter (the average particle diameter being detemnined by SEM observation) of the 
carbon black contained in the aqueous dispersion B is preferably at least 0.02 fim, more preferably 0.03 to 0.10 ^m, 
from the viewpoint of further improving the optical density. 

[0062] The average particle diameter of the solid content In the aqueous dispersion B is preferably 0.01 to 0.50 \im, 
more preferably 0.02 to 0.20 p/n, from the viewpoint of stability of the dispersion. 

[0063] The amounts of the aqueous dispersion A and the aqueous dispersion B are adjusted so that the weight ratio 
of the solid content of the aqueous dispersion A to the solid content of the aqueous dispersion B (the aqueous dispersion 
A/the aqueous dispersion B) becomes 5/95 to 95/5, preferably 10/90 to 90/10, more preferably 20/80 to 80/20, from 
the viewpoint of improving fixing ability on paper and optical density. 

[0064] The total solid content of the aqueous dispersion A and the aqueous dispersion B contained in the water- 
based ink of the present invention Is preferably 1 to 30% by weight, more preferably 3 to 15% by weight, from the 
viewpoints of optical density and jetting stability. 

[0065] Additives such as a wetting agent, a dispersant, a defoaming agent, a mildewproof agent and a chelating 
agent can be added to the water-based ink for Ink-jet recording of the present invention as occasion demands. 

Preparation Example 1 

[0066] A reactor was charged with 20 parts (parts by weight, hereinafter refen^ed to the same) of methyl ethyl ketone 
as a polymerization solvent, and monomers as polymeric unsaturated monomers and a polymerization chain transfer 
agent listed in the column of initially charged monomers of Table 1 , and replacement with nitrogen gas was sufficiently 
carried out. 

[0067] On the other hand, a dropping funnel was suffteiently replaced with nitrogen gas, and thereafter charged with 
monomers and a polymerization chain transfer agent listed in the column of dropping monomers of Table 1, and 60 
parts of methyl ethyl ketone and 0.2 parts of 2,2 -azobis(2,4-dimethylvatoronitrile). 

[0068] The temperature of a mixed solution inside the reactor was Increased up to 65*'C under nitrogen gas atmos- 
phere with stirring, and a mixed solution Inside the dropping funnel was gradually added thereto dropwise over a period 
of 3 hours. 

[0069] After 2 hours passed from the termination of the dropping, a solution prepared by dissolving 0.1 parts of 2,2'- 
azobis(2,4-dimethylvaloronitrile) in 5 parts of methyl ethyl ketone was added to the reactor, and the mixture was further 
aged at 65*'C for 2 hours and at 70**C for 2 hours, to give a copolymer solution. 
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[0070] A part of the resulting copolymer solution was dried at 1 05X under reduced pressure for 2 hours, and isolated 
by completely removing the solvent from the copolymer solution. The molecular weight was detemnined by gel pemne- 
atlon chromatography using polystyrene as a standard substance and tetrahydrofuran as a solvent. As a result, the 
weight-average molecular weight was about 10000. 

5 [0071] Five parts of a copolymer obtained by drying the copolymer solution obtained above under reduced pressure 
was dissolved in 25 parts of methyl ethyl ketone, and 5.2 parts of a neutralizing agent (30% aqueous gluconic acid) 
was added thereto to neutralize a part of the copolymer. Further, 30 parts of Ion-exchanged water and 5 parts of carbon 
blacl< (manufactured by Cabot Corporation under the trade name: Monarch 880) were added thereto, and the mixture 
was l<neaded in a beads-mill. The organic solvent was completely removed from the resulting kneaded product at SO'^C 

10 under reduced pressure, and a part of water was further removed, thereby giving a cationic aqueous dispersion of 
carbon black-containing vinyl polymer (hereinafter referred to as "BK-A"), the solid content of which was 20%. 
[0072] According to zeta-potential measurement, BK-A was cationic. The judgment of the ionic property mentioned 
below was also carried out by zeta-potential measurement. 

IS Preparation Example 2 

[0073] A copolymer solution was obtained in the same manner as in Preparation Example 1 by using monomers and 
a polymerization chain transfer agent listed in the column of initially charged monomers of Table 1 , monomers and a 
polymerization chain transfer agent listed In the column of dropping monomers of Table 1 , and initially charged mon- 

20 omers and dropping monomers shown in Table 1 . The molecular weight of the vinyl polymer was detemriined in the 
same manner as in Preparation Example 1 . As a result, the weight-average molecular weight was about 10000. 
[0074] To 5 parts of a copolymer obtained by drying the copolymer solution obtained above under reduced pressure 
were added 25 parts of acetone and 5 parts of an oil-soluble black dye (manufactured by Orient Chemical Co., Ltd 
under the trade name: Orient Black 860), and the copolymer was completely dissolved. A neutralizing agent (30% 

25 aqueous gluconic acid) was added thereto in the amount of 3.2 parts to partially neutralize a salt-fomning group of the 
copolymer, and 300 parts of ion-exchanged water was added. After stinging, the mixture was emulsified by using Ml- 
crofluldizer (manufactured by MIcrofluidizer) for 30 minutes. The organic solvent was completely removed from the 
resulting emulsion at 60*'C under reduced pressure, and the emulsion was concentrated by removing a part of water, 
thereby giving a cationic dispersion of a black oil-soluble dye-containing vinyl polymer (hereinafter referred to as 

30 "BK-B"), the solid content of which was 20%. 

Preparation Example 3 

[0075] A copolymer solution was obtained in the same manner as in Preparation Example 1 by using monomers and 
35 a polymerization chain transfer agent listed in the column of initially charged monomers of Table 1 , monomers and a 
polymerization chain transfer agent listed in the column of dropping monomers of Table 1 , and initially charged mon- 
omers and dropping monomers shown in Table 1. The molecular weight of the vinyl polymer was detemilned In the 
same manner as in Preparation Example 1 . As a result, the weight-average molecular weight was about 1 0000. 
[0076] The same procedures as in Preparation Example 1 were carried out, except that 25 parts of methyl ethyl 
^ ketone, 0.5 parts of a neutralizing agent (30% aqueous sodium hydroxide) and 5 parts of carison black (manufactured 
by Degussa. under the trade name: Printex-90) were added to 5 parts of a copolymer obtained by drying the copolymer 
solution obtained above under reduced pressure, thereby giving an anionic aqueous dispersion of cari3on black-con- 
taining vinyl polymer (hereinafter referred to as "BK-C"), the solid content of which was 20%. 
[0077] Each abbreviation for the macromer listed in Table 1 means the followings: 

45 

Silicone Macromer: manufactured by CHISSO CORPORATION under the trade name: FM-0711 

Styrene Macromer: manufactured by TOAGOSEI CO., LTD. under the trade name of AS-6 [styrene-homopolym- 

erlzed macromer having a weight-average molecular weight: 6000] 

50 



55 



9 



EP 1 243 623 A1 



Table 1 



Preparation Example 1 Preparation Example 2 Preparation Example 3 



Initially Charged Monomers (Parts) 



Styrene [7.5] 

Lauryl Methacrylate [3] 

N^-Dimethylamiooethyl 

Methacrylate [10] 
Methoxypolyethylene- 

glycol (4) 

Methacrylate [20] 
Styrene Macromer [5] 
Mercaptoethanol [0.2] 



t-Butyl Methacrylate [20] 
N^-Dimethylaminoethyl 

Methacrylate [20] 
Methoxypolyethylene- 
glycol (9) 
Methacrylate [5] 
Silicone Macromer [2] 
n-Dodecyl Methacrylate 
ja2] 



Styrene [7.5] 

Acrylic Add [2] 

Methoxypolytetraethylene- 

glycol(12) 

Methacrylate [10] 
Styrene Macromer [5] 
2-Hydroxyelhyl 

Methacrylate [10] 
n-Dodecylmercaptan f 0 J] 



Dropp in g Monomers (Parts) 
Styrene [7.5] 
Lauryl Methacrylate [5] 
N,N-DimethyIaminoethyI 

Methacrylate [15] 
Methoxypolyethylene* 
glycol (4) 
Methacrylate [20] 
Styrene Macromer [5] 
Mercaptoethanol [1.81 



t-Butyl Methacrylate [23] 
N,N-Dimethylaminoethyl 

Methacrylate [20] 
Methoxypolyethylene- 
glycol (9) 
Methacrylate [5] 
Silicone Macromer [3] 
n-Dodecyl Methacrylate 

m 



Styrene [20] 

A«ylic Acid [3] 

Methoxypolytetraethylene- 

glycol(12) 

Methacrylate [15] 
Styrene Macromer [5] 
2-Hydroxyethyl 

Methacrylate [10] 
n^Dodecylmercaptan [1.71 



Preparation Example 4 

[0078] Ten grams of carbon black having a surface area of 230 m^/g and a DBP oil absorption of 70 m?^g, and having 
a primary particle diameter of 0.028 ^m, and 3.06 g of 3-amino-N-ethylpyridinium bromide were thoroughly mixed with 
72 g of water, and thereafter 1.62 g of nitric acid was added dropwise thereto, and the mixture was stirred at 70*'C. 
After 4 minutes passed, a solution prepared by dissolving 1 .07 g of sodium nitrite in 5 g of water was added thereto, 
and the mixture was stin-ed for additional 1 hour. 

[0079] The resulting slurry was filtered with Toyo Roshi No. 2 (manufactured by ADVANTICE), and the carbon black 
particles were sufficiently washed with water. This wet cake-like carbon black was re-dispersed in 3000 mL of water, 
and desalted with a reverse osmotic membrane until the electric conductivity attained to 0.2 us. Further, this liquid 
dispersion of carbon black was concentrated to a carbon black concentration of 10%, thereby giving a cationic, self- 
disperslble carbon black aqueous dispersion, to the surface of which a group represented by the fomnula: 




was bonded (hereinafter refen^ed to as BK-D). 
Preparation Example 5 

[0080] Three-hundred grams of a commercially available acidic carbon black (manufactured by Mitsubishi Chemical 
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Corporation under the trade name: M A-7, primary particle diameter: 0.024 ^.m) was mixed with 1 000 mL of water, and 
thereafter 450 g of sodium hypochlorite (effective chlorine concentration 12%) was added dropwise thereto, and the 
mixture was stinted at 1 00° to 1 05°C for 1 0 hours. The resulting sluny was filtered with Toyo Roshi No. 2 (manufactured 
by ADVANTICE), and the carbon black particles were sufficiently washed with water. This wet cake-like carbon black 
5 was re-dispersed in 3000 mL of water, and desalted with a reverse osmotic membrane until the electric conductivity 
attained to 0.2 ^s. Further, this liquid dispersion of cari^on black was concentrated to a carison black concentration of 
10%, thereby giving a cationtc, self-dispersible carison black aqueous dispersion, to the surface of which -COONa 
group was bonded (hereinafter referred to as BK-E). 

10 Example 1 

[0081] Thirty parts of BK-A, 20 parts of BK-D, 5 parts of glycerol, 5 parts of 2-pyrrolidone, 2 parts of Isopropyl alcohol, 
1 part of Acetylenol EH (manufactured by Kawaken Fine Chemicals Co. , Ltd.) and 37 parts of water were mixed together, 
to give a liquid dispersion. This liquid dispersion was filtered with a 0.2 ^m filter to remove impurities and coarse 
IS particles, to give a water-based black ink. 

[0082] The weight ratio of solid contents of the aqueous dispersion A to the aqueous dispersion B (aqueous dispersion 
A/aqueous dispersion B) in this ink was 3/1 . 

Example 2 

20 

[0083] The same procedures as in Example 1 were candied out except that 20 parts of BK-B was used in place of 
BK-A, that the amount of BK-D added was changed to 40 parts, and that the amount of water added was changed to 
27 parts, to give a water-based black ink. 

[0084] The weight ratio of solid contents of the aqueous dispersion A to the aqueous dispersion B (aqueous dispersion 
2s A/aqueous dispersion B) in this ink was 1/1 . 

Example 3 

[0085] The same procedures as in Example 1 were carried out except that 32.5 parts of BK-C, 15 parts of BK-E, 5 
30 parts of glycerol, 5 parts of N-methylglycine, 5 parts of urea, 1 part of sodium polyoxyethylene lauryl ether sulfate 
(manufactured by Kao Corporation under the trade name EMAL 20C), and 36.5 parts of water were used for the 
components for an ink, to give a water-based black ink. 

[0088] The weight ratio of solid contents of the aqueous dispersion A to the aqueous dispersion B (aqueous dispersion 
A/aqueous dispersion B) in this ink was 4.3/1 . 

35 

Example 4 

[0087] The same procedures as in Example 3 were can-led out except that there was used 40 parts of an aqueous 
dispersion of cartDon black (solid content 1 0%) prepared by dispersing with a sodium salt of an aromatic sulfonic acid- 
^ fomnalin-condensate (manufactured by Kao Corporation under the trade name: Demol C) in place of BK-E, that the 
amount of BK-C added was changed to 20 parts, and that the amount of water added was changed to 24 parts, to give 
a water-based black Ink. 

[0088] The weight ratio of solid contents of the aqueous dispersion A to the aqueous dispersion B (aqueous dispersion 
A/aqueous dispersion B) in this ink was 1/1 . 

45 

Comparative Example 1 

[0089] The same procedures as in Example 1 were can-led out except that the amount of BK-A added was changed 
to 40 parts, that the amount of water added was changed to 47 parts, and that BK-D was not added, to give a water- 
so based black ink. 

Comparative Example 2 

[0090] The same procedures as in Example 1 were earned out except that the amount of BK-0 added was changed 
S5 to 80 parts, that the amount of water added was changed to 7 parts, and that BK-A was not added, to give a water- 
based black ink. 
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Comparative Example 3 

[0091] The same procedures as in Example 3 were carried out except that there was used 80 parts of an aqueous 
dispersion of carbon black (solid content 1 0%) prepared by dispersing with a sodium salt of an aromatic sulfonic acid- 
5 formalin-condensate (manufactured by Kao Corporation under the trade name: Demol C) in place of BK-E, that the 
amount of water added was changed to 4 parts, and that BK-C was not added, to give a water-based black ink. 

Comparative Example 4 

10 [0092] The same procedures as in Comparative Example 3 were carried out except that 8 parts of a water-soluble 
black dye (C.I. Direct Black 1 95) and 76 parts of water were used In place of the aqueous dispersion of carbon black 
(solid content 1 0%) prepared by dispersing with a sodium salt of an aromatic sulfonic acid-f onnalin-condensate (man- 
ufactured by Kao Corporation under the trade name: Demol C), to give a water-based black ink, 
[0093] The physical properties of the black inks obtained in Examples 1 to 4 and Comparative Examples 1 to 4 were 

IS evaluated by the following methods. The results are shown In Table 2. 

(1) Optical Density 

[0094] Solid image printing was can-ied out on a regenerated paper for PPC (manufactured by Nippon Kako Seishi 
20 K.K.) using a bubble jet printer (manufactured by Hewlett Packard Co., under the model number of "Desk Jet 720C"), 
and the printed Image was allowed to stand for drying at room temperature for 24 hours, and thereafter its optical 
density was detenmined by using a Macbeth densitometer (manufactured by Macbeth Process Measurements Co. 
under the product number of RD918). 

25 (2) Distortion of Printed Objects 

[0095] An extent of distortion was observed with naked eyes when ruled lines were printed using the above-men- 
tioned printer, and evaluated on the basis of the following evaluation criteria. 

30 [Evaluation Criteria] 

[0098] 

@ : No distortion 
35 O: Little distortion 
A: Some distortion 
X: Distortion 

(3) Water Resistance 

40 

[0097] Solid image printing was canried out on a regenerated paper for PPC (manufactured by Nippon Kako Seishi 
K.K.) by using the above-mentioned printer, and dried at room temperature for 1 hour. The printed copy paper was 
immersed in stand-still water for 10 seconds, and the paper was vertically lifted therefrom. The optical density was 
measured, and the residual ratio of the optical density after immersion to the optical density immediately after solid 
^ image printing was detemnined. The water resistance was evaluated on the basis of the following evaluation criteria: 

[Evaluation Criteria] 

[0098] 

50 

@ : Residual ratio being at least 95% 
O: Residual ratio being at least 90% and less than 95% 
A: Residual ratio being at least 70% and less than 90% 
X: Residual ratio being less than 70% 

55 

(4) Rubbing Resistance 

[0099] Solid Image printing was can-led out on a regenerated paper for PPC (manufactured by Nippon Kako Seishi 
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K.K.) using the above-mentioned printer. After the paper was dried for 1 day, the printed surface was strongly rubbed 
with a finger. The extent of rub-off of the printed Image was observed with naked eyes, and evaluated on the basis of 
the following evaluation criteria: 

5 [Evaluation Criteria] 

[0100] 

O: Substantially no printed image being rubbed off, and Its periphery being not stained. 
10 A: Some printed images being rubbed off, its periphery being stained, and finger also being stained a little. 

x: Printed images being considerably rubbed off, its periphery being considerably stained, and finger also being 
considerably stained. 

(5) High Lighter- Fastness 

15 

[0101] Text printing was carried out on a regenerated paper for PPC (manufactured by Nippon Kako Seishi K.K.) by 
using the above-mentioned printer. After 6 hours passed, the extent of staining of the printed sample was observed 
with naked eyes after traced with a commercially available aqueous fluorescent marker (manufactured by PILOT COR- 
PORATION under the trade name of "Spotlighter"), and evaluated on the basis of the following evaluation criteria: 

20 

[Evaluation Criteria] 
[0102] 

25 (g) : No stains such as rubbed stains were observed even when traced with a fluorescent marker. 

O: Some rubbed stains were generated when traced with a fluorescent marker, but such stains would cause no 
problems In practical uses. 

X : Generation of rubbed stains was observed when traced with a fluorescent marker, and the stains were remaric- 
able. 

30 



Table 2 



Example No. 


Physical Properties of Water-Based Ink 




Optical Density 


Distortion 


Water Resistance 


Rubbing Resistance 


High Lighter- 












Fastness 


Ex.1 


1.43 


© 


@ 


O 


@ 


Ex.2 


1.38 


o 


@ 


O 


0 


Ex.3 


1.41 


o 


© 


O 


® 


Ex.4 


1.40 


© 


0 


0 


0 


Comp. Ex. 


1 


1.28 


© 


® 


0 


® 


2 


1.42 


o 


0 


X 


X 


3 


1.39 




A 


X 


X 


4 


1.44 


® 


X 


O 


0 



[0103] It can be seen from the results shown In Table 2 that the water-based inks obtained in Examples 1 to 4 have 
50 high optical density, do not give distortion to printed objects, and also have excellent water resistance, excellent rubbing 
resistance and excellent high lighter-fastness. 

INDUSTRIAL APPLICABILITY 

55 [0104] The water-based ink of the present invention has high optical density, does not give distortion to printed 
objects, and also has excellent water resistance, excellent rubbing resistance and excellent high lighter-fastness. 
Therefore, the water-based Ink of the present invention can be suitably used for Inkjet recording. 
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Claims 

1 . A water-based ink for Inkjet printing, comprising: 

(A) an aqueous dispersion A of vinyi polymer particles prepared by including an oil-soluble black dye or carbon 
black in a water-insoluble vinyl polymer prepared by copolymerizing a salt-forming group-containing monomer 
(a), a monomer (b) represented by the fomiula (I): 



CH2 = C(R^)COO(R^O)pR^ (I) 



wherein is hydrogen atom or a lower alkyi group; R^ is a divalent hydrocarbon group which may have a 
hetero-atom; R*^ is a monovalent hydrocarbon group which may have a hetero-atom; p is a number of 1 to 60, 
a macromer (c), a monomer (d) copotymerizable with these monomers; and 
(B) an aqueous dispersion B of carbon black having the same ionicity as the aqueous dispersion A, 

wherein the weight ratio of the solid content of the aqueous dispersion A to the solid content of the aqueous 
dispersion B (the solid content of the aqueous dispersion A/the solid content of the aqueous dispersion B) is 5/95 
to 95/5. 



The water-based ink according to claim 1 , wherein the aqueous dispersion B is an aqueous dispersion of carbon 
black, prepared by dispersing carbon black in water with a water-soluble dispersant, or an aqueous dispersion of 
carbon black, prepared by dispersing in water a seif-dispersible carbon black on which surface a compound capable 

of dispersing is directly bonded. 

The water-based ink for inkjet printing according to daim 1 or 2, wherein the macromer is a silteone macromer 
represented by the formula (II): 



X(Y)qSi(R^)3^(Z), (II) 



wherein X is a polymerizable unsaturated group; Y is a divalent group; each of R* is independently hydrogen atom, 
a lower alkyi group, an aryl group or an alkoxy group; Z is a monovalent siloxane polymer residue having a number- 
average molecular weight of not less than 500; q is 0 or 1 ; and r is an integer of 1 to 3, 
^ and/or a styrenic macromer having a polymerizable functional group at one end. 

4. The water-based Ink according to any one of claims 1 to 3, wherein the primary particle diameter of the carbon 
black contained in the aqueous dispersion B is at least 0.02 ^m. 

40 
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